Saccadic eye movements are frequently followed by smaller secondary saccades which are generally assumed to correct for the error in primary saccade landing position. However, secondary saccades can also occur after accurate primary saccades and they are often as small as microsaccades, therefore raising the need to further scrutinize the processes involved in secondary saccade generation. Following up a previous study, we analyzed secondary saccades using rate analysis which allows us to quantify experimental effects as shifts in distributions, therefore going beyond comparisons of mean differences. We use Aalen's additive hazards model to delineate the time course of key influences on the secondary saccade rate. In addition to the established effect of primary saccade error, we observed a time-varying influence of under-vs. overshooting -with a higher risk of generating secondary saccades following undershoots. Moreover, increasing target eccentricity influenced the programming of secondary saccades, therefore demonstrating that error-unrelated variables co-determine secondary saccade programs. Our results provide new insights into the generative mechanisms of small saccades during postsaccadic fixation that need to be accounted for by secondary saccade models.
Introduction
Receptor density is highest in the foveal part of the retina. To allow detailed visual processing of a scene, saccadic eye movements shift the center of gaze such that objects of interest fall onto the fovea. Despite the remarkable precision of saccade targeting (Kowler & Blaser, 1995) , saccade landing positions are distributed around the saccade target location which is attributed to a combination of uncertainty in the localization of a target and noise in planning and executing the saccade (van Beers, 2007) . Moreover, there is a general tendency of primary saccades to undershoot the target (Becker & Fuchs, 1969; Gillen, Weiler, & Heath, 2013) . Large primary saccades are frequently followed by a smaller secondary saccade that often reduces the distance between primary saccade landing position and target location (Becker & Fuchs, 1969) ; therefore secondary saccades are often equated with corrective saccades.
The mechanisms underlying the programming of secondary saccades are far from being understood, but are rarely studied. This is true although secondary saccades constitute a very frequent oculomotor behavior (Hollingworth, Richard, & Luck, 2008) . This may be changing. Recently, microsaccades have been studied also under more natural conditions (McCamy, Otero-Millan, Di Stasi, Macknik, & Martinez-Conde, 2014) where large saccades precede a fixation including a microsaccade. However, the question arises as to what differentiates such microsaccades from secondary saccades. In contrast to microsaccades, secondary saccades are not defined by an arbitrary amplitude criterion; hence secondary saccades can be both smaller and larger than 1 degree of visual angle. Studying microsaccades and secondary saccades under a common framework offers the possibility to bring together two largely separated fields. As an example, in the present study we identified timedependent influences on the generation of secondary saccades and test predictions regarding secondary saccades from an adapted model of microsaccade generation.
The strong focus on secondary saccades as corrective eye movements suggests that one can model the latency, amplitude and direction of secondary saccades simply based on the distance between primary saccade landing position and postsaccadic target location. Furthermore, one should be able to predict whether or not http://dx.doi.org/10.1016/j.visres.2016.06.007 0042-6989/Ó 2016 Elsevier Ltd. All rights reserved.
